Sh. sonnei was early recognized as readily undergoing variation. Baerthlein (3) as well as Sonne (4) and 0hnell (6) observed dimorphism of growth. However, Thj~tta (5) was the first to point out the existence of two characteristic colony types, one of which did not agglutinate with the usual diagnostic anfisera. Others (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) ) have also observed this characteristic variation and noted serological differences between the two colony types. Many investigators (11, 12, 15) have found that primary stool cultures are often mixtures of the two, and that the sera of patients suffering from Sonne dysentery infections frequently agglutinate both forms. Koser and Styron (14) were the first to apply the classical Smo0th-Rough terminology to these variants of Sh. sannei. The small, raised colony with regular edges described by Thj~tta was termed the S variant, whereas the flat, irregular colony was termed the R variant.
Waaler (17) has made the most extensive study of the dissociation of dysentery bacilli. He described four variants of Sh. sonnei. No. 1 was the typical S form; No. 2 grew in rough colonies but was antigenicaUy identical with No. 1. The change from No. 1 to No. 2 appeared to be reversible. From No. 1 and No. 2 there could be obtained a third form, No. 3, which was antigenically different and which was believed to be an R variant. Still a fourth variant, No. 4, was described which was also rough but was antigenically feeble. Waaler also noted the hair tuft colonies described by ThjCtta (5) and questioned whether these colonies were in the process of dissociating from S to R.
Our understanding of the relationship among variants of Sh. sonnei has been considerably clarified by the recent work of Wheeler and Miclde (18) . These investigators have emphasized that there are probably but three culturally and antigenically distinct types of Sh. sonnei. These they termed Phase I (smooth), Phase II, and Rough. In the present communication this terminology will be used, with some modification. It should be pointed out, however, that the term phase does not have the same significance as in the case of phase variation of the flagellar antigens of the Salmonella group.
Very little is known regarding the chemical nature of the antigens of Sh. sonnei. Haas (19) prepared a trichloracetic acid extract of agar-grown bacilli and isolated a toxic substance found only in the smooth form. This substance was capable of eliciting antibodies in dogs which neutralized the toxin and agglutinated smooth bacilli. It gave negative biuret and sulfosalicylic acid, phloroglucinol and orcinol tests, but positive Molisch and ninhydrin tests. The material was not fully characterized.
In the present report the phase variation exhibited by Sh. sonnei will be scrutinized. It will be shown that, in the instance studied, variation did not involve a loss in ability of the microorganism to synthesize a somatic antigen, but was associated with a change in the immunological specificity of the latter.
EXPERr~NTAL

Methods
Cultivation of Baeteria.--The cultures used in this study were obtained from the United States Army MedicalSchool and will be described later. The microorganisms were grown in a medium devised by Dole (20) . Fifteen liters of the medium (containing 0.05 per cent glucose and 0.05 per cent phenol red) in a 5 gallon pyrex bottle was inoculated in the evening. The following morning 600 ml. of sterile 50 per cent glucose solution was added and the culture stirred mechanically. One ml. of tributyl phosphate was added to prevent foaming. Sterile air, dispersed by passage through a sintered glass disc, was bubbled through the culture at the rate of 500 m]. per minute. Five normal sodium hydroxide was added from a dropping funnel when necessary to maintain neutrality in the culture. Six to seven hours after the addition of glucose growth ceased, though acid production continued. Formalin was then added to a concentration of 1 per cent and the culture allowed to stand overnight at room temperature. The bacilli were then collected in a Sharples centrifuge and dried from the frozen state. The yield was usually about 35 gin. of dry microorganisms per 15 liters of culture.
The use of formaldehyde as a killing agent is open to criticism but it is known that treatment of other dysentery bacilli with this reagent does not alter the toxic or immunological properties of their somatic antigens.
Analytical Methods.--Nitrogen determinations were performed by the usual micro-Kjeldahl method. Phosphorus determinations were carried out according to the procedure of Allen (21) . Reducing sugar was determined by the Shaffer-Somogyi method (22) . Glucosamine was determined on acid hydrolysates by the method of Serensen (23) . Turbidimetrlc determinations of serologic activity of antigen preparations were made by means of the turbidimeter devised by Libby (24) .
Serological Methods.--Antibacterlal sera were prepared by injecting rabbits intravenously with graded doses of formalin-killed bacilli totaling 4.75 ml. of a 24 hour broth culture. Six injections in all were given at intervals of 3 to 4 days. The rabbits were bled on the 7th day after the last injection. Antisera to the somatic antigen preparations were obtained in a similar manner. A total of 850 micrograms was given.
The bacterial suspensions used in the agglutination tests were prepared by killing 18 hour broth cultures with 1 per cent formalin. The sedimented bacteria were washed twice and resuspended in saline to the desired concentration. Occasionally preparations of the rough strain could not be used because of spontaneous agglutination, but most preparations were fairly stable after two saline washings.
The agglutination tests were performed by mixing equal volumes of the serum dilutions and the antigen suspension. The mixtures were incubated for 2 hours at 37°C. and allowed to stand overnight in the ice box. Readings were made the following morning.
Variants of Sh. sonnei
The Phase I culture as received from the United States Army Medical School proved to be a mixture of Phase I and II bacilli.
The Phase I colonies ( Fig. 1) are round, raised, with entire edges and have a relatively smooth glistening surface. The colonies attain a diameter of 2 to 3 mm. after 18 to 24 hours incubation. Upon longer incubation many colonies develop irregular outgrowths,--the "hair tufts" of Thj~tta (3) . These latter consist of a mixture of Phase I and II bacilli.
Growth of the Phase I microorganism in broth is uniformly turbid with relatively little tendency to settle. Agglutination with specific antiserum occurs as coarse clumps which do not break up upon shaking.
Under proper growth conditions, there may be obtained from the Phase I culture two variants which differ markedly in gross colony morphology but which are antigenically identical. The first of these, which we have termed Phase II,, is identical with the Phase II variant of Wheeler and Mickle (18) . When a Phase I culture is streaked on agar, most of the colonies are identical with the parent, but usually a few characteristic Phase II, colonies are found. This same variant is observed on subculturing the "hair tuft" outgrowth from Phase I colonies. The Phase II, colonies (Fig. 3) are fiat, with an irregular outline and a rather granuMr although slightly glistening surface. The colonies attain a diameter of 5 to 6 ram. after 18 to 24 hours incubation at 37°C. They may become 1 to 2 cm. in diameter after longer incubation. Growth in broth is uniformly turbid but there will be some settling after 24 hours incubation. Agglutination with specific antiserum occurs as fine clumps which are easily dispersed upon shaking.
The second culture obtained from the Army Medical School proved to be Phase II, but because of its characteristically smooth colony morphology we have named it Phase IIs. Variants of this type probably develop spontaneously by mutation in Phase I cultures but because their colony morphology is so nearly like that of the Phase I variant they cannot be recognized. However, if a Phase I culture be grown in broth containing a small amount of chloroform, colonies of the Phase IIs variant will usually predominate when the culture is plated.
Phase IIs colonies (Fig. 2) are round, raised, with entire edges and a smooth glistening surface. The colonies are somewhat smaller than those of Phase I and attain a diameter of 1.5 to 2 ram. after 18 to 24 hours incubation at 37°C. Growth in broth is uniformly turbid with relatively little tendency to settle. Agglutination with specific antiserum occurs as fine clumps which are easily dispersed upon shaking.
The Rough variant was isolated by streaking on agar the unagglutinated bacilli in the supernatant of a Phase IIs culture which had previously been grown in the presence of homologous antiserum. The Rough colonies (Fig. 4) are similar to those of Phase IIR although the surface is somewhat more granular in appearance. Growth in broth occurs as fine clumps easily broken up upon shaking. There is a tendency for some preparations to show spontaneous agglutination in physiological salt solution. 
Quantitative Aspects of Phase I to Phase II~ Variation
As pointed out previously, the Phase I culture used in these experiments was unstable; during growth in liquid or on solid media, Phase IIR variants were constantly being formed and possibly Phase IIs variants as well. No satisfactory methods have been developed for quantitative study of the phenomenon. In view of the presence of small amounts of Phase II antibody in all Phase I antisera it was thought desirable to obtain some information conceming the amount of Phase II contamination in Phase I cultures. Luria and Delbrtick (25) have proposed the "fluctuation test" for detecting spontaneous mutation. According to this hypothesis, when mutations are rare, the frequency of mutation in each of a series of cultures should vary widely, while the number of mutants in several samples taken from the same culture should be identical within the counting error. This hypothesis is now widely accepted (26) .
Observations of this type were made with the Phase I culture. Twenty-five tubes containing 5 ml. of neopeptone-beef heart infusion broth were inoculated with 0.1 ml. of a 10 e dilution of an 18 hour broth culture inoculated from a single typical Phase I colony. This inoculum, according to a plate count, approximated one organism. After 18 hours incubation eight of these tubes showed growth. Appropriate dilutions of these cultures were prepared in sterile distilled water and 1 ml. distributed over the surface of five neopeptone agar plates (0.2 ml. per plate). The plates were incubated for 18 hours and the total number of colonies and of Phase IIn mutants were then counted. The results of this experiment are presented in Table I .
These and other data not tabulated indicated that almost all the Phase I cultures contained approximately 1 to 2 per cent of Phase IIa mutants. The greater variation in the number of mutants in samples taken from each of several cultures as compared with those removed from a single culture indicated the random distribution of mutation which occurs during growth of the microorganism. Since the original inoculum was so small it is improbable that mutants were present when growth was initiated. In view of the high apparent 
Final dilution of antiserum mutation rate no attempt was made to apply the statistical computations developed by Luria and Delbriick (25) .
Serological Properties of the Variants
The results of agglutination tests with the four variants in homologous and heterologous antisera are presented in Table II .
It will be noted that the Phase I variant agglutinated only in homologous antiserum. The Phase I antiserum used in these experiments was found to contain a small amount of antibody for the two Phase II but not for the Rough variant. It is probable that the presence of Phase II antibody in the Phase I antiserum was the result of the contamination of the Phase I vaccine with Phase IIR mutants, as shown above. This question will be discussed in greater detail later.
The agglutination tests also indicated that the Rough variant was to some extent contaminated with Phase II bacilli. Miller (27) has obtained evidence which substantiates this observation, for she has found that the R culture conrained variants resistant to certain of the T series of bacteriophages. Some of these phage-resistant variants agglutinated only with Rough antiserum, whereas others agglutinated only with the Phase II antiserum. These data indicated that the Rough culture was a mixture rather than a single variant bearing a common antigenic component. Whether these variants were present because of the failure to purify the Rough culture by streaking or whether they Dt~SS D = death, the numerals representing the hours before death of the animal occurred. S = survived. All animals observed for 3 days.
arose as a result of reverse mutation from Rough to Phase II is not yet established.
Toxic Properties of the Variants
Because of the difficulty in producing experimental dysentery in laboratory animals, there is but little information concerning the relative pathogenicity of the variants of Sh. sonnei. Some information concerning the relative toxicity of the variants for mice has, however, been obtained. These data are presented in Table III .
The results show that all the variants studied had approximately the same toxicity; a finding which differs from those of Hilgers (13) and Weil (28) who found the Phase I organism to be considerably more toxic than the other variants.
The Isolation and Characterization of the Specific Antigens
Isolation of the Phase I Antigen.--The use of 50 per cent aqueous pyridine for the extraction of the somatic antigens of the Flexner dysentery bacilli (29) was unsuccessful when applied to Sh. sonnei. Preliminary experiments showed that only traces of Phase I antigen were obtained when the corresponding microorganisms were extracted with this solvent. Good yields of the Phase I antigen could be obtained, however, by extracting the bacilli with 50 per cent aqueous glycerol. Since preextraction of the microorganisms with 50 per cent pyridine removed considerable amounts of serologically inactive material, together with small amounts of a substance having Phase II activity, it was considered advisable to treat the Phase I organisms with aqueous pyridine prior to this extraction with 50 per cent glycerol.
128 gin. of dry bacilli were extracted twice for 24 hour periods and at 37°C. with 1200 and 800 ml. portions of 50 per cent aqueous pyridine. The bacilli were removed by centrifugation. The wet microorganisms were then extracted twice for 24 hours at 37°C. with 800 ml. portions of 50 per cent aqueous glycerol. After removal of the bacilli by centrifugation at 16,000 R.P.M., the combined glycerol extracts were filtered through a Berkefeld N filter. The filtrate was then dialyzed free of glycerol, concentrated in vacuo, and dried from the frozen state. 4.8 gm. of crude antigen was obtained. This material contained 5.11 per cent nitrogen and 3.25 per cent phosphorus.
4.7 gin. of the crude antigen was dissolved in 470 ml. of water and, after chilling, 0.5 volume of cold acetone was added with stirring. After standing overnight in the cold, the precipitate was removed. Acetone was added to the supernatant to give a concentration of 66 per cent. After standing 24 hours in the cold, the precipitate was collected by centrifugation, dissolved in 400 ml. of water, and 1 volume of cold acetone added. After 24 hours in the cold the small amount of precipitate which formed was removed by centrifugation, discarded, and to the supernatant cold acetone was again added to give a final concentration of 66 per cent. This precipitate, containing the active material, was collected by centrifugation, dialyzed, and dried from the frozen state. 1.95 gin. of substance was obtained which contained 6.2 per cent nitrogen, 3.9 per cent phosphorus, and some ribonucleic acid.
1.9 gm. of the above material was dissolved in 75 ml. of 0.01 M borate buffer at pH 7.8 and 4 mg. of crystalline ribonuclease added. The mixture was dialyzed against 2 liters of the 0.01 M borate buffer for 2 days at 37°C. in the presence of toluene. This process rendered most of the nucleic acid dialyzable. After a final dialysis against distilled water for 2 days the contents of the bag were concentrated to 75 cc. by pervaporation. Sodium acetate was then added to a concentration of 0.015 M, the pH adjusted to 7.0, and 1 volume of cold acetone added. After standing in the cold for 24 hours, a small amount of precipitate was removed by centrifugation, discarded, and cold acetone added to the superuatant to give a final concentration of 66 per cent. After 24 hours in the cold this precipitate was collected. The process of purification was repeated. The final precipitate of the Phase I antigen was dialyzed against distilled water, electrodialyzed, and dried from the frozen state. 1.2 gin. of the product was isolated. Several lots of antigen were prepared in the above manner and all had essentially the same chemical and biological properties.
Isolation of the Phase II~ Antigen.--Preliminary experiments showed that
some of the type-specific somatic antigen could be extracted from Phase IIs bacilli with 50 per cent aqueous pyridine, but the major part remained within the cell. Fifty per cent aqueous glycerol did not extract any of the antigen. However, it was found that a 7 ~t solution of urea would extract most of the antigen from bacilli which had previously been treated with aqueous pyridine. 1 lO gin. of dry Phase IIs bacilli were preextracted with aqueous pyridine as described above. The microorganisms were then suspended in sufficient water so that after the addition of 504 gin. of urea the total volume reached 1200 ml. (7 u urea concentration). The extraction was SPECIFIC ANTIGENS OI~ SHIGELLA SONNEI VARIANTS continued for 24 hours at 5°C. Higher temperatures did not extract greater amounts of antigen and resulted in the liberation of large amounts of ribonucleic acid. The microorganisms were removed from the urea solution by centrifugation at 16,0001t.P.~. for 30 minutes. The urea extract was filtered through a Berkefeld N filter, dialyzed free of urea, concentrated by pervaporation, and the solution dried from the frozen state. 1.57 gin. of crude antigen containing 6.0 per cent nitrogen, 3.3 per cent phosphorus, and considerable ribonucieic acid was obtained. The ribonucleic acid was eliminated by digestion and dialysis as previously described. From the dialysis sac 1.2 gin. of partially purified substance was obtained. The material contained 4.75 per cent nitrogen and 3.4 per cent phosphorus and a small amount of nucleic acid.
1.1 gin. of the partially purified antigen was dissolved in 110 ml. of 0.05 M sodium acetate and 0.5 volume of cold acetone added. After standing for 1 hour, the precipitate was removed by centrifugation at 15,000 R.P.M. for 30 minutes. This precipitated material, having very little serologic activity, was discarded. Sufficient cold acetone was added to the supernatant to give a concentration of 50 per cent. The precipitate was collected by centrifugation after Table IV . Inspection of the data presented in Table IV shows that the LD~0 for mice lay between 250 and 500 micrograms. The antigens of both variants were about equally toxic.
Antisera obtained from rabbits injected with the two purified antigens showed a high degree of specificity as can be seen from Table V. It will be noted, with one exception, that there was no evidence that the antisera obtained from rabbits injected with the purified Phase I and II antigens exhibited crossreactions. The Phase IIs antiserum, at a dilution of 1:10, gave partial agglutination of the Rough variant, which may not, however, have been specific.
In Table VI are presented data on precipitin tests conducted with the Phase I and IIs antigens and the antisera of rabbits immunized with whole bacilli and with the two purified antigens. These tests show that in each instance the purified antigens reacted specifically in the homologous immune sera, whether the serum was obtained from animals injected with whole bacilli, or with the highly purified lipocarbohydrate-protein complex. It is noteworthy that no cross-precipitin reactions were observed. The gross analytical properties of the two antigens were not strikingly different as shown by the data presented in Table VII .
The Chemical and Physical Properties of
The Phase I and IIs antigens had similar nitrogen and phosphorus contents. The reducing sugar values, calculated as glucose, are maximum values obtained after 4 hours hydrolysis with 2 N HC1 at 103°C. Longer heating or higher acid concentrations resulted in considerably lower reducing sugar values. The analytical values presented for glucosamine were obtained by colorimetric analysis (23) after hydrolysis of the antigens for 18 hours at 100°C. with 6 N HCI. In view of the low values for glucosamine, it is possible that this saccharide was actually not present in the original substances and that the color developed was due to some other substance in the hydrolysis mixture. Actual isolation of glucosamine hydrochloride or a derivative is necessary in order to establish the presence of this sugar.
When the antigens were hydrolyzed with 0.1 N acetic acid for 4 hours at 100°C. (31), they split into an aci:l-insoluble protein and an acid-soluble carbohydrate fraction. In this respect they resemble the lipoearbohydrate-protein complexes obtained from other dysentery bacilli. There has not been sufficient material available for the direct isolation of the lipid fraction of these antigens, but their physical and chemical properties were so characteristic that they can probably be safely classified as typical lipocarbohydrate-protein complexes.
The ultraviolet absorption spectra of the two antigens were measured with the Beckman model DU quartz spectrophotometer using solutions of 0.02 per cent concentration and an optical depth of 1 cm. The fact that neither prepa- )< 10 .8 cm3/volt sec. for the Phase IIs antigen. While it would be desirable to make determinations at other values of pH, these data are considered sufficient to show the electrical properties of the two antigens.
DISCUSSION
That Sh. sonnei undergoes variation in a predictable manner is apparent from the data presented in this communication. The Smooth or Phase I microorganism readily dissociated to yield two well defined variants which have been termed Phase IIs and IIm The latter were quite stable and were serologically identical. They differed from one another in their colonial form and from the parent microorganism in their immunological specificity. Prior to the re-searches of Wheeler and Mickle (18) , the Phase II~ variant was considered to be a Rough form of Sh. sonnei, but these investigators found that still another form could, under certain conditions, be obtained from their Phase II variant. Because of its cultural characteristics, the term Rough was assigned to this variant. The relatively rare occurrence of the Rough microorganism accounts for the failure of its earlier recognition. Although other colony forms of Sh. sonnei have been described (16, 17) , they have not been encountered in this laboratory. In general, it would appear that the variants of Sh. sonnei most frequently encountered are those which have been termed Phases I, II (IIs and II~), and Rough.
The data presented show that when Sh. sonnei undergoes variation the immunological change which occurs does not involve the loss of ability of the microorganism to elaborate a somatic antigen. The variant has acquired a new specificity yet it is still capable of carrying out the biochemical synthesis of a substance comparable in its gross chemical composition to that characteristic of the parent cell. In fact, the variation of Sh. sonnei may well involve only changes in the enzyme systems responsible for the synthesis of the somatic antigen. This change is reflected in a new and distinct serological specificity of the latter. It is probable that a detailed chemical study of the two antigens will reveal the nature of the differences responsible for the change in serological specificity. That these differences may well reside only in the chemical structure of the hapten components is not beyond the realm of possibility.
It will be observed from Table II that the antisera of rabbits injected with cultures of Phase I bacilli invariably showed some serological crossing with Phase II microorganisms. It is our opinion that this phenomenon occurred not because the Phase II antigen is an integral constituent of Phase I bacilli, but because the cultivation of the latter is accompanied by the production of small numbers of Phase II bacilli which arise through mutation. It has been clearly demonstrated that such mutations occur and hence the evidence is strong in support of this view. If, as it exists in the bacterial cell, the Phase I antigen contains a group which showed serological crossing in Phase II antisera, then the purified antigen should likewise show serological cross-reactions. This is not the case, however, for it has been demonstrated that the purified Phase I antigen is immunologically specific and gives rise to antibodies which show no serological crossing with Phase II antigen.
Phase variation has been shown to occur among bacilli of the dysentery group other than Sh. sonnei. Takita (32) studied a strain of Flexner Type V in detail, and found that two types of colonies could be isolated which were identical in gross morphology but were serologically distinct. One type, Va, invariably bred true. The other, Vb, upon subsequent cultivation gave rise both to Va and Vb variants. Serological tests showed that antisera prepared by injecting rabbits with cultures of the Vb variant contained antibodies which agglutinated both Vo and V~ organisms. Antisera to the Vo variant, on the other hand, contained only homologous antibody. Boyd (33) and Weil, Farsetta, and Knaub (34) have confirmed and extended Takita's observations with other Flexner types.
All these investigators believed that the a variant represented a "degraded" Type V which had lost the b antigen, whereas the b variant contained both antigens. In view of the data presented in the present report, it is suggested that Vo represents a stable variant comparable to Sh. sonne/Phase IIs, and that Vb represents the smooth variant, cultures of which, due to mutation, contain both Vb and V, variants. An antiserum prepared by immunization of animals with Vb bacilli would contain both antibodies, not because of the presence of a common antigen but because the V~ vaccine used would always contain some Vo bacilli arising through mutation.
Whether or not this phase variation of the Flexner bacilli is similar in nature to that of Sh. sonnei requires further investigation. The data presented here emphasize the need to establish the composition of vaccines used for the preparation of antisera. If a Smooth culture is undergoing mutation, a vaccine prepared from it will contain bacilli of the variant. The resulting antiserum, in addition to the type-specific antibody, will contain antibodies directed against the variant. The interpretation of data based upon the use of such antisera may lead to unwarranted assumptions.
SUI~RY
It has been shown that phase variation of Sh. s~nei is accompanied by changes in morphology and antigenic structure. Two mutants of the Phase I organism (IIs and IIR), which were studied, elaborate somatic antigens which are immunologicaUy identical. The purified lipocarbohydrate-protein antigens of the Phase I and IIs microorganisms are chemically similar yet immunologically distinct and specific. By inference the same should hold true of the antigen of fIR, but it has not yet been investigated in this relation.
It is suggested that when Sh. sonnei undergoes variation from Phase I to IIs the immunological changes occurring are dependent upon a change in the enzyme systems responsible for the synthesis of the lipocarbohydrate-protein constituent.
EXPLANATION OF PLATE 13
Colony morphology of the variants of Shigella sonnd. Cultures were grown for 24 hours on neopeptone-beef heart agar. X 3. 25 
